Smm_ary The risk of cancer of the cervix is linked with sexual behaviour. Although infectious agents such as human papillomaviruses (HPVs) are implicated, these alone may be insufficient to induce the disease. We have investigated the potential role of oxidation products of the polyamines spermine and spermidine and the diamine putrescine in seminal plasma (SP) as co-factors in the development of cervical cancer. These amines are oxidised by polyamine oxidase (PAO) and diamine oxidase (DAO) to generate oxygen radicals and hydrogen peroxide, reactive aldehydes and acrolein, which are likely to exert local mutagenic, cytotoxic and immunosuppressive effects in vivo. Using a chemiluminescence assay, we determined the levels of these amines in 187 samples of SP. Spermine plus spermidine, as substrates for PAO. were present in a range equivalent to 0-4.8 mg ml-' spermine. Putrescine, as a substrate for DAO, was detectable in only 4 of 40 samples assayed (range 0 -168 pg ml -') and constitutes a minor component of the oxidisable content of SP. Cervical mucus (126 samples) was assayed for the presence of PAO and DAO. Both enzymes were present in 14.3% of the samples, PAO only in 21.4%, DAO only in 15.1% and neither enzyme in 49.2%. PAO levels ranged from 0 to 0.828 pmol peroxide generated min-' mg'I mucus and DAO levels ranged from 0 to 7.0 pmol peroxide generated min-' mg-' mucus. These results suggest that sexual activity in the absence of physical bamrer contraception may lead to the generation of mutagenic and immunosuppressive polyamine oxidation products within the female genital tract. We thus propose that women with high levels of PAO and/or DAO in their cervical mucus may be at increased risk of cervical cancer, especially if the male partner's SP shows high polyamine levels. HPV infection may synergise with the effects of polyamine oxidation by suppressing apoptosis in keratinocytes carrying potentially oncogenic mutations, leading to the survival and proliferation of transformed cells in the cervix.
The aetiology of cervical cancer is still the subject of debate. Strong epidemiological evidence has linked cervical cancer risk with sexual behaviour (Franco, 1991; Joffe et al., 1992) , suggesting the involvement of a transmissible agent. However, simple models based upon infectious agents alone, such as human papillomavirus (HPV), have been shown to be inadequate. HPV infection is still much more common than the occurrence of cervical intraepithelial neoplasia (CIN) and invasive cervical cancer (Schiffman, 1992) ; most women who are HPV positive show no evidence of cervical abnormalities (De Villiers et al., 1987; Meanwell et al., 1987; Reeves et al., 1987) and only a small proportion of women with HPV develop cervical cancer (Mitchell et al., 1986) . Furthermore, the long latent penrods (20-50 years) between HPV infection and the development of cancer (zur Hausen, 1986) suggests that HPV alone is insufficient to induce cervical cancer. A number of additional aetiological factors have been proposed as increasing the risk of developing the disease. These include heavy smoking (Winkelstein, 1990) , the long-term use of oral contraceptives (Jones et al., 1990; Gram et al., 1992) , dietary factors (Potischman, 1993) , concomitant infection with herpes simplex type 2 (Hildesheim et al., 1991) or other sexually transmitted diseases (Guijon et al., 1985; La Vecchia et al., 1986; Herrero et al., 1990) , and the immunosuppressed states associated with organ transplantation, pregnancy, or acquired immunodeficiency disease Alloub et al., 1989; Henry et al., 1989 Ablin et al., 1990; Kelly et al., 1991; Skibinski et al., 1992) . The polyamines spermine, spermidine and putrescine occur at high concentrations in SP (Williams-Ashman and Lockwood, 1970) ; their physiological function here is unknown, although it has been suggested that they inhibit the coagulation of semen in the male urethra (see Oefner et al., 1992) . Polyamines have been shown to mediate immunosuppressive effects in vitro through their oxidation products (Allen and Roberts, 1987; Vallely et al., 1988; Quan et al., 1990) ; hydrogen peroxide, acrolein and reactive aldehydes generated by enzymic oxidation of polyamines show cytotoxic properties (Averill-Bates et al., 1993) as well as the ability to cause DNA strand breaks (Henle et al., 1986) and chromatid aberrations (Bouzyk and Rosiek, 1988) and to induce programmed cell death (Parchment and Pierce, 1989; Gramzinski et al., 1990) . The presence in the female genital tract of enzymes catalysing the oxidation of polyamines from a male partner's semen could thus lead both to local immunosuppression and to exposure of the cervical epithelial cells to genotoxic agents. Either or both of these effects could be significant in the initiation and progression of cervical cancer.
The relevance of polyamine oxidation in vivo to the aetiology of cervical malignancy has not previously been examined. The present study was undertaken to investigate the possible involvement of polyamines present in SP and of polyamine oxidation enzymes in cervical mucus as co-factors in the development of cervical carcinoma. Polyamine oxidase (PAO) was purified from newborn calf serum on a 30 x 1 cm column of DEAE-Sepharose Fast Flow (Pharmacia) using a Pharmacia FPLC apparatus. The column was eluted with a gradient of 0-0.1 M sodium chloride in 75 ml, then 0.1-0.5 M sodium chloride in 125 ml, then 50 ml of 0.5 M sodium chloride. Fractions containing PAO were identified using a modified form of the colorimetric assay described by Aarsen and Kemp (1964) , using spermidine as substrate. The PAO-containing fractions were pooled for use in the assay of spermine and spermidine. Estimation of the generation of hydrogen peroxide by interaction ofseminal pkasma with cervical mucus Eleven samples of cervical mucus were incubated with lOUml ' of coilagenase and 200 sgml ' hyaluronidaw for 2-3 h at room temperature as above. The samples were diluted 1:3 in 10mM Tris-HCI pH 7.4/150mM sodium chloride and 151 l aliquots were assyed for PAO activity using either 6 jg ml-1 spermine tetrahydrochloride or seminal plasma diluted to give a final oxidisable polyamine concentration of 6 lug ml-'. The reactions were incubated for 24 h at 37C in a stoppered cuvette and assayed for hydrogen peroxide as described above.
ReIts
Polyanine levels in semnal plasma samples The total PAO-oxidisable polyamine content of 187 sminal plasma samples was determined ( Figure la ) and found to fall within a range equivalent to 0.0-4.8 mgml-' (0-13.8 mM)
spermine. The median value was 0.6 mgml-' (1.7mM), the upper quartile 1.2 mg ml-' (3.5 mM) and the lower quartile 0.2 mg ml-' (0.6 mM). These values are imilar to those determined using alternative methods designed for detecting specific polyamines (see Janne et al., 1973; Jakobsen et al., 1989; Oefner et al., 1992) . No correlation was found between the density and percentage motility of sperm in the onginal semen samples and the polyamine content of the plasma as determined by the assay. We have previously reported evidence that individual males maintain relatively constant Detection ofpolyamines in seminal plasma Polyamine (spermine and spermidine) levels were determined using the chemiluminescence assay described by Fenandez et al. (1994) as follows: SP samples were diluted 1:60 in reaction buffer (1 mM glycine hydrogen chloride pH 7.4/0.01 mM sodium carbonate). An aliquot of 20 id of diluted SP was mixed with 1 ml of reaction buffer in a stoppered cuvette, 10 j of purified PAO was added, and the cuvette was incubated at room temperature for 1 h. The reaction was completed by the addition of 20 id of 0.9 mg ml-' luminol (final concentration 18 ag ml-l) and 0.1 ml of 0.1 mg ml-' microperoxidase (final concentration 10 jag ml '). Ppmanes and Ui* ozidases in hmar c ane C Fernandez et al 1196 levels of PAO-oxidisable polyamines in SP over time (Fernandez et al., 1994 18/126 (14.3%) and neither enzyme in 62/126 (49.2%). Levels of DAO varied from undetectable to 7.0 pmol peroxide generated min'l mg'I mucus ( Figure 2a) The results are shown in Table I . With the exception of one specmen (sample 3), which showed a low level of PAO activity with spermine as substrate but no activity with SP, all the cervical mucus samples which showed detectable PAO activity with spermine as substrate generated hydrogen peroxide when incubated with seminal plasma, indicating that semen does not contain significnt levels of inhibitors of polyamine oxidases. Interestingly, the levels of hydrogen peroxide generated by cervial mucus in reaction with seminal plasma were higher than those generated with spermine alone, indicating either that the polyamines in seminal plama are better substrates for the enzyme (perhaps owing to the presence of an enzyme co-factor) or that the hydrogen peroxide generated is stabilised by a component of semen. 
umine-oxidising
Oxidisable polyamine levels were determined in 187 samples minal plasma, of seminal plasma using a novel chemiluminescence assay e generated by (Fenandez et al., 1994 (van der Linden et al., 1992) . In addition, PAO and DAO activity in the cervi mucus of some individuals might be inhibited by serum components difsing into the renerated fluids surrounding the cervix (Quan et al., 1991) . The pattern of expression of the two enzymes shown in Figure 3 2 min (in the absence of peroxidases). The effects of exposing cells to peroxide and oxygen radicals include random DNA strand breaks (Henle et al.. 1986 ) and chromatid aberrations (Bouzyk and Rosiek. 1988) . as well as inhibition of cellular proliferation (Averill-Bates et al.. 1993 ) and suppression of immune functions (Alexander and Anderson, 1987) . Programmed cell death, which is triggered by p53-dependent genomic surveillance mechanisms, is also induced by peroxide (Parchment and Pierce, 1989; Gramzinski et al., 1990) either through further exposure to environmental mutagens or through genomic instability resulting from the initial damage (together with the effects of other HPV genes). Once a certain level of genomic damage had been established, especially if the regulation of proliferation vs apoptosis had been disrupted. HPV could be lost without reversion of the cells to normality.
In the present study. examination of the relationship of diverse polyamine levels in SP in relation to the presence of cervical abnormalities did not demonstrate any correlation between oxidisable polyamine levels in the male and the presence of cervical abnormalities in the female partner. However. the physiological effects of initial carcinogenic events may take 20 years to become clinically manifest. and demonstration of the mechanisms related to these events will require long-term prospective investigations. We are presently carrying out a larger study of PAO and DAO levels in women with and without cervical disease in order to determine whether high levels of one or both enzymes are at increased risk of dysplasia or neoplasia of the cervix. Our laboratory is also developing in vitro model systems for assessment of the potential tumorigenic synergy between seminal plasma polyamines. the presence of oxidases. and the expression within target keratinocytes of HPV E6 and E7 genes. If this synergy were proven, women who express high levels of the oxidases could be advised to use physical barrier methods of contraception to reduce their risk of cervical cancer. Screening sexually active women for the presence of PAO and DAO with the relatively simple assay system used in the present study (for example. simultaneously with routine cervical smear testing) could thus prove valuable in identifying and counselling women who may be at increased risk of cervical cancer.
